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Introduction {#jah31765-sec-0004}
============

ST‐elevation myocardial infarction (STEMI) continues to be a leading cause of significant morbidity and mortality in the United States.[1](#jah31765-bib-0001){ref-type="ref"} Although whites have a higher prevalence of coronary artery disease, some studies have shown that ethnic minorities are associated with greater morbidity and mortality than white patients.[2](#jah31765-bib-0002){ref-type="ref"} Historically, favorable statistics regarding the management and outcomes of STEMI in the United States have been observed more often in white cohorts than in minorities.[3](#jah31765-bib-0003){ref-type="ref"} Black patients experience lower rates of emergency same‐day primary percutaneous coronary intervention (PCI) for STEMI and statin prescription at discharge compared to whites.[4](#jah31765-bib-0004){ref-type="ref"}, [5](#jah31765-bib-0005){ref-type="ref"} Large studies describe significantly greater risks of death, myocardial infarction, and need for revascularization following PCI and bleeding following fibrinolysis in blacks.[2](#jah31765-bib-0002){ref-type="ref"}, [6](#jah31765-bib-0006){ref-type="ref"} Additionally, some studies also report an association between black race and door‐to‐balloon times (D2BT) greater than 90 minutes.[3](#jah31765-bib-0003){ref-type="ref"}, [7](#jah31765-bib-0007){ref-type="ref"}

We know that minimizing delays to treatment, both pre‐ and in hospital, reduces infarct size and mortality and is key to optimizing outcomes of revascularization.[8](#jah31765-bib-0008){ref-type="ref"}, [9](#jah31765-bib-0009){ref-type="ref"}, [10](#jah31765-bib-0010){ref-type="ref"}, [11](#jah31765-bib-0011){ref-type="ref"} Accordingly, bodies such as the American College of Cardiology (ACC) and American Heart Association (AHA) emphasize the consistent achievement of established door‐to‐needle and door‐to‐balloon benchmarks.[9](#jah31765-bib-0009){ref-type="ref"}, [12](#jah31765-bib-0012){ref-type="ref"}, [13](#jah31765-bib-0013){ref-type="ref"} A symptom‐onset‐to‐balloon time greater than 3 to 4 hours has been identified as an independent predictor of 1‐year mortality and has been suggested as an important benchmark in STEMI management.[14](#jah31765-bib-0014){ref-type="ref"} The lack of adherence to treatment benchmarks has been shown to correlate with an increase in short‐ and long‐term mortality.[9](#jah31765-bib-0009){ref-type="ref"}, [13](#jah31765-bib-0013){ref-type="ref"}

This study was conducted to assess whether black patients are more likely to have longer delays from symptom onset to intervention (total ischemic time) and explored differences in the components of symptom‐onset‐to‐door time and D2BT. We hypothesized that black patients may have longer prehospital and in‐hospital delays to intervention, and this may contribute to the poorer STEMI outcomes found in this population.

Methods {#jah31765-sec-0005}
=======

We conducted a retrospective cohort study of consecutive patients, either diagnosed with STEMI between September 2008 and January 2013 at Methodist University Hospital or transferred from outlying facilities, who underwent emergent cardiac catheterization. Methodist University Hospital is a large tertiary hospital located in downtown Memphis, Tennessee. It is the largest primary PCI site in the region and receives transfers from numerous outlying facilities.

All patients admitted with a STEMI during this time period were retrospectively studied. Institutional Review Board approval was obtained with informed consent requirement waived. Information on demographics, risk factors, history, initial vital signs, laboratory data, presenting electrocardiogram, symptom onset time, procedure times, catheterization findings, and outcomes were collected. Data were de‐identified, extracted by medical residents and research assistants, and verified by cardiology fellows and staff cardiologists.

The primary outcome variable in this study was symptom onset to arrival time to the emergency room; secondary outcomes assessed were D2BT and in‐hospital mortality. Race was defined by self‐report and categorized as white, black, Hispanic, and others. Due to the small number of patients in this population identifying as Hispanics, this group was merged with the group called "others."

The effect of race on these outcomes was explored, accounting for insurance status, socioeconomic status, and other confounders. Insurance was categorized as private, public, or uninsured. The effect of socioeconomic status was assessed using the United States census bureau data ([http://quickfacts.census.gov/qfd/meta/long INC110213.htm](http://quickfacts.census.gov/qfd/meta/longINC110213.htm) and <http://www.census.gov/hhes/www/income/data/statemedian/>). Patients\' income was defined based on the median income of the patients\' zip code as obtained from census bureau data. Income categories were classified into below poverty line (\<\$25 000), relatively poor (\$25 000--\$52 000), above median (\$52 000--\$75 000), and comfortable (\>\$75 000). These were defined based on national census bureau data with the poverty line defined as a household income of \$25 000 for a family of 4. The national median household income according to the census bureau was \$52 000.

Symptom‐onset‐to‐door time (SODT) was defined in minutes from the time symptoms were first noticed to the time of arrival in the emergency room. Dichotomous data are presented as percentages. Continuous variables are presented as medians (interquartile ranges). Bivariate analysis was conducted using chi‐squared to assess for differences in demographics, clinical characteristics, risk factors, and outcomes by race. A binary outcome variable, "late presentation," was defined as a SODT \>180 minutes based on data from prior studies.[14](#jah31765-bib-0014){ref-type="ref"}, [15](#jah31765-bib-0015){ref-type="ref"}, [16](#jah31765-bib-0016){ref-type="ref"}

A multivariate logistic regression analysis was then conducted to assess for the effect of race on "late presentation" after an STEMI while controlling for confounders, including age, sex, insurance status, socioeconomic status, diabetes mellitus, previous myocardial infarction, smoking, and mode of transportation to the emergency room. On completion of the initial analysis, further comparisons of patients admitted directly through our emergency room to those transferred from outlying facilities was conducted, and then a subset analysis was conducted assessing differences in SODT excluding all patients transferred from outlying facilities.

Results {#jah31765-sec-0006}
=======

Data were obtained on 1144 patients; the mean age was 59±13 years, and 66.3% were males. Whites accounted for 40.5% of the population, and 56.3% were blacks; 78.1% of this population were insured, 29.9% had diabetes mellitus, and 8.5% required bypass surgery. The in‐hospital mortality rate in this population was 6.9% (Table [1](#jah31765-tbl-0001){ref-type="table-wrap"}). The median D2BT and SODT were 60 and 120 minutes, respectively, and 47.5% of the population presented late after symptom onset. Forty‐one percent of patients had been transferred from outlying facilities.

###### 

Baseline Characteristics of Study Population

  Characteristic                             n=1144
  ------------------------------------------ --------------------------
  Age, y (std dev)                           58.8 (±12.9)
  Male, N (%)                                758 (66.3)
  BMI, kg/m^2^                               28.2 (24.8‐33.1)
  Race, N (%)                                
  White                                      463 (40.5)
  Black                                      644 (56.3)
  Others                                     37 (3.2)
  Marital status, N (%)                      
  Married                                    410 (35.8)
  Insurance, N (%)                           
  Private                                    322 (28.2)
  Public                                     559 (48.9)
  None                                       251 (21.9)
  Risk factors, N (%)                        
  Diabetes mellitus                          342 (29.9)
  Hyperlipidemia                             401 (35.1)
  Hypertension                               767 (67.1)
  Previous myocardial infarction             292 (25.5)
  Congestive heart failure                   103 (9.0)
  Chronic kidney disease                     63 (5.5)
  End‐stage renal disease                    36 (3.2)
  Family history of CAD                      441 (38.6)
  Tobacco use                                629 (55.0)
  Outcomes, N (%)                            
  Confirmed STEMI                            755 (66.0)
  Cerebrovascular accident                   7 (0.61)
  STEMI due to stent thrombosis              80 (7.0)
  Shock                                      78 (6.8)
  Required CABG                              97 (8.5)
  Death                                      79 (6.9)
  Median household income (IQR)              \$32 412 (26 137‐38 826)
  Median household income categories         
  \<\$25 000                                 184 (16.1%)
  \$25 000 to \$52 000                       837 (73.2%)
  \$52 000 to \$75 000                       100 (8.7%)
  \>\$75 000                                 11 (1.0%)
  Times in minutes                           
  Median door to balloon, IQR                60 (42‐82)
  Median symptom onset to door, IQR          120 (60‐720)
  Late presentation (\>180 minutes), N (%)   429 (47.5)

BMI indicates body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; IQR, interquartile range; std dev, standard deviation; STEMI, ST elevation myocardial infarction.

On bivariate analysis (Table [2](#jah31765-tbl-0002){ref-type="table-wrap"}), black STEMI patients were more likely to be females (*P*=0.016), not married, uninsured, and live below the poverty line (all *P*s \<0.001). Blacks were also more likely to have specific comorbidities including systemic hypertension (*P*=0.004), congestive heart failure (*P*\<0.001), and end‐stage renal disease (*P*\<0.001), but there was no difference in rates of diabetes mellitus and previous myocardial infarctions. There was no ethnic difference in age at presentation in this study. Although black patients were less likely to require coronary artery bypass graft (CABG) (*P*\<0.01) and to present in shock (*P*\<0.01), there was no difference in mortality between these groups (*P*=0.38).

###### 

Table of Bivariate Analysis Comparing Black to White Population

                                      White, n=463       Black, n=644       *P* Value
  ----------------------------------- ------------------ ------------------ -----------
  Age, y, (IQR)                       59 (51, 68)        57 (50, 65)        
  Male, N (%)                         327 (71.2)         411 (64.3)         0.016
  BMI, kg/m^2^                        28.7 (25.5‐33.0)   28.1 (24.4‐33.2)   0.130
  Marital status, N (%)                                                     \<0.001
  Married                             233 (55.1)         161 (26.3)         
  Insurance, N (%)                                                          \<0.001
  Private                             178 (38.4)         133 (20.7)         
  Public                              202 (43.6)         353 (54.9)         
  None                                83 (17.9)          157 (24.4)         
  Risk factors, N (%)                                                       
  Diabetes mellitus                   131 (28.3)         206 (32.0)         0.188
  Hyperlipidemia                      166 (35.9)         228 (35.4)         0.878
  Hypertension                        275 (59.4)         477 (74.1)         \<0.001
  Previous MI                         124 (26.8)         162 (25.2)         0.542
  CHF                                 29 (6.3)           73 (11.3)          0.004
  CKD                                 18 (3.9)           45 (7.0)           0.028
  ESRD                                5 (1.1)            31 (4.8)           0.001
  Family history of CAD               221 (47.7)         214 (33.2)         \<0.001
  Tobacco use                         258 (55.7)         359 (55.8)         0.994
  Outcomes, N (%)                                                           
  CVA                                 1 (0.2)            6 (1.0)            0.142
  Shock                               42 (9.4)           34 (5.4)           0.012
  Required CABG                       53 (12.0)          43 (6.9)           0.005
  Death                               36 (7.8)           41 (6.4)           0.367
  Median household income             \$34 568           27 637             \<0.001
  Median household income                                                   \<0.001
  \<\$25 000                          35 (7.6)           147 (22.8)         
  \$25 000 to \$52 000                357 (77.3)         461 (71.6)         
  \$52 000 to \$75 000                63 (13.6)          34 (5.3)           
  \>\$75 000                          7 (1.5)            2 (0.3)            
  Poverty                             35 (7.5)           147 (22.8)         \<0.001
  Median times in minutes                                                   
  Door to balloon time, IQR           58 (42‐89)         60 (42‐77)         0.863
  Symptom onset to door, IQR          120 (60‐560)       180 (60‐1400)      0.001
  Late presentation (\>180 minutes)   151 (40.7%)        272 (52.6%)        \<0.001

Results are from the multivariable model. BMI indicates body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; CVA, cerebrovascular accident; ESRD, end‐stage renal disease; IQR, interquartile range; MI, myocardial infarction.

In regard to socioeconomic factors, black patients were more likely to be uninsured as compared to whites (24.4% vs 17.9%, *P*\<0.001). They were more likely to live below the poverty line (22.8% vs 7.5%, *P*\<0.001), with a median household income of \$27 637 (Table [2](#jah31765-tbl-0002){ref-type="table-wrap"}).

There was no difference in median D2BT (58 vs 60 minutes, *P*=0.863) (Figure [1](#jah31765-fig-0001){ref-type="fig"}). Black STEMI patients presented to the emergency room 1 hour later than their white counterparts (Figure [2](#jah31765-fig-0002){ref-type="fig"}). Median time to presentation was 180 versus 120 minutes in the white population (*P*\<0.01). Over 52% of black patients presented to the emergency room "late" after symptom onset (\>180 minutes) compared to 40% of white patients (*P*\<0.01) (Figure [3](#jah31765-fig-0003){ref-type="fig"}). There was no significant difference in the mode of transportation to the emergency room in these groups: 97.3% versus 96.9% of patients arrived via either air or ground ambulance---85.2% of blacks came in via ground ambulance versus 69.2% of whites; 12.1% of blacks came in via air ambulance versus 27.7% of whites.

![Door‐to‐balloon time according to race (minutes). Error bars represent the interquartile range.](JAH3-5-e003804-g001){#jah31765-fig-0001}

![Symptom‐onset‐to‐door time according to race (minutes). Error bars represent the interquartile range.](JAH3-5-e003804-g002){#jah31765-fig-0002}

![Late presentation (\>180 minutes from symptom onset) according to race.](JAH3-5-e003804-g003){#jah31765-fig-0003}

On multivariate analysis, blacks were 60% more likely than white patients to present late to the emergency room after STEMI (OR 1.60, *P*\<0.01). The only other factor shown to predict time to presentation was insurance status. Patients with public insurance were more likely to present late (OR 2.60, *P*\<0.01), and the uninsured were also 61% more likely to present late to the emergency room after STEMI (OR 1.61, *P*=0.04). Interaction between race and insurance status was tested and was found to be nonsignificant (*P*=0.36). After controlling for confounders, marital status and socioeconomic status were not shown to be predictors of late presentation in this study. Stratified analysis reporting the SODT comparing blacks versus whites, stratified according to insurance status, was reported (Figure [4](#jah31765-fig-0004){ref-type="fig"}) and showed among other things that median SODT among black publically insured patients was 270 (60--1440) versus 150 (60--960) minutes in the white population.

![Late presentation (\>180 minutes from symptom onset) according to race, excluding patients transferred from other hospitals. Error bars represent the interquartile range.](JAH3-5-e003804-g004){#jah31765-fig-0004}

Of the 466 (41%) patients transferred in from outside facilities, the median age was 59 years, 44% were blacks, and 80% were insured. Compared to those directly admitted, transferred patients were more likely to present in cardiogenic shock (*P*=0.05) and to require CABG (*P*\<0.01), but this did not translate to a significant mortality difference at discharge (*P*=0.40). In the subset analysis excluding patients transferred from other hospitals, blacks were still more likely to present late after symptom onset: 47% of black patients presented to the emergency room "late" after symptom onset (\>180 minutes) compared to 36% of white patients (*P*=0.01) (Figure [5](#jah31765-fig-0005){ref-type="fig"}).

![Symptom‐onset‐to‐door time according to race and substratified by insurance status.](JAH3-5-e003804-g005){#jah31765-fig-0005}

Discussion {#jah31765-sec-0007}
==========

This study showed that in a major urban regional tertiary center, there was a 60‐minute difference in SODT comparing black patients to white patients, with no difference in D2BT and mortality. In addition, this study showed that over 52% of black patients presented to the emergency room "late" after symptom onset (\>180 minutes) compared to 40% of whites (*P*\<0.01). After controlling for comorbidities, insurance, and socioeconomic status, blacks were 60% more likely than whites to present late to the emergency room after STEMI (OR 1.60, *P*\<0.01). We also found that patients on public insurance (Medicare and Medicaid) and the uninsured were more likely to present late to the emergency room after STEMI. The parity achieved for in‐hospital care of STEMI patients in our study population irrespective of race and as reflected in comparable D2BT is the result of meticulous planning and a very robust protocol put in place to reduce system delays such as having the emergency medical services activate the STEMI call team from the field and education of health care personnel on cultural awareness. A major strength of this study is that it addresses the "real world" factors influencing outcomes in STEMI patients in the United States. Methodist University hospital, considered the largest referral center for STEMI in the mid‐South, reflects the actual condition of STEMI management in the region and shows the opportunities for improving care in these populations.

Our data suggest that measures being taken to reduce in‐hospital delays in STEMI management have been effective in reducing door‐to‐balloon time, but more work needs to be done to improve symptom‐onset‐to‐arrival time. With no significant difference in mode of transportation to the emergency room, the 60‐minute extra delay in presentation between blacks and whites appears to be driven by individual patient factors. These patient factors present a significant increase in total ischemia time and can potentially be a mechanism for worse STEMI outcomes among blacks. In our patient population, blacks as compared to whites had a lower incidence of multivessel coronary artery disease (52.9% vs 62.8%, *P*=0.001), need for coronary artery bypass graft (6.9% vs 12.0%, *P*=0.005), and shock (5.4% vs 9.4%, *P*=0.012) signifying less disease burden in our black population. Despite a lesser disease burden, our black patients had a similar 30‐day mortality compared to white patients (4.8% vs 5.0%, *P*=0.90) with a trend toward a worse 1‐year mortality (11.9% vs 9.0%, *P*=0.21).

The ACC/AHA guidelines proposed a goal of 5 minutes from initial symptom onset to activation of the emergency medical system.[12](#jah31765-bib-0012){ref-type="ref"} To achieve this, more work is needed to improve patients\' understanding of the clinical symptoms and the importance of timely presentation after STEMI. Minority groups are known to have poor educational and health literacy,[17](#jah31765-bib-0017){ref-type="ref"} so targeted efforts in these populations need to be intensified to reduce total ischemia time and improve outcomes. Our findings are similar to those obtained from the Get With The Guidelines (GWTG) registry, which found delays to reperfusion among black patients, showing differences in D2BT, but they did not report data on SODT.[7](#jah31765-bib-0007){ref-type="ref"} Another study by Sullivan et al reported a median time from symptom onset to 9‐1‐1 calls of 53 minutes.[19](#jah31765-bib-0019){ref-type="ref"} They did not find a significant difference in time to activate Emergency Medical Services (EMS) by race in their study, although they stated that a limitation of their study was missing race information on a significant portion of their patients. Although our study did not collect data on the time to EMS activation, their median time to EMS activation more likely translates to a similar SODT as seen in our study. The median D2BT and SODT observed in this study of 60 and 120 minutes also approaches that observed in most contemporary studies.[18](#jah31765-bib-0018){ref-type="ref"}

The Zwolle Group reported that, after adjustment for baseline characteristics, each 30‐minute delay between the onset of symptoms and balloon inflation was associated with a relative risk of 1‐year mortality of 1.08 (*P*=0.04).[14](#jah31765-bib-0014){ref-type="ref"} Based on these data, a 60‐minute extra delay observed in blacks in our study should translate to a 16% increase in 1‐year mortality. Our study showed only a trend toward a worse 1‐year mortality in blacks, a likely result of the lesser disease burden for this group in our study population.

As expected from observational studies of this nature, ours has some limitations. As a single‐center study, our findings cannot be generalized to the entire country. Also, this study did not collect data on the distance from EMS pick up to hospital; it would have been interesting to see if this also predicted SODT in this population. This data will not detract from our findings and may actually strengthen them, as the hospital is located downtown in an area predominantly occupied by blacks and, despite this, white patients had shorter SODTs. We could not exclude the influences of patients\' recall bias of symptom onset, although this is quite unlikely in this study because we extracted data from patients\' records documented immediately on arrival in the hospital. Although it is possible that the recognition of symptoms may have differed between blacks and whites, a prior study by Richards et al[19](#jah31765-bib-0019){ref-type="ref"} showed that after controlling for pertinent demographic and clinical characteristics, logistic regression analysis revealed that blacks were more likely than whites to have shortness of breath (odds ratio 3.16; 95% CI 1.49--6.71; *P*=0.003) and left‐sided chest pain (odds ratio 2.55; 95% CI 1.10--5.91; *P*=0.03), and yet the mean delay time to hospital presentation was not significantly different between the 2 groups in their relatively small study population.

In conclusion, having shown in our STEMI population that parity can be achieved with regard to in‐hospital care between black and white patients presenting with STEMI as reflected in comparable D2BT, our findings suggest that improving outcomes in black patients will entail significant outreach efforts and community education to improve recognition of symptoms, ensure timely request for emergency medical service, and ultimately reduce SODT.
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